Accurately diagnosing fibrotic interstitial lung disease (ILD) is a challenge even for expert clinicians. It requires multidisciplinary integration of clinical, radiological, and pathological features that are then compared against a series of formal and informal diagnostic criteria for different conditions (1) . Diagnostic criteria for idiopathic pulmonary fibrosis (IPF) (2) and the remaining idiopathic interstitial pneumonias (1, 3) have helped standardize this process, but many conditions remain loosely and inconsistently defined (4) (5) (6) . The current approach therefore results in significant diagnostic heterogeneity (5), which has major implications for patients whose treatment plan and prognosis depend on an accurate diagnosis.
Two distinct approaches to the classification of fibrotic ILD have evolved in clinical practice. In the first approach, assignment of a diagnosis is based on strict adherence to diagnostic criteria, resulting in a large number of unclassifiable cases. In the second, assignment of a diagnosis is based on clinical judgment (i.e., what the provider believes is the likely diagnosis regardless of whether all diagnostic guideline criteria are met), generally resulting in a smaller number of unclassifiable cases. Both approaches are defensible: one maximizes diagnostic certainty at the expense of clinical utility, and the other maximizes clinical utility at the expense of diagnostic certainty (7) . The lack of consistency in diagnostic approach is problematic, and we suspect is a major reason for the observed diagnostic discordance among expert centers (5).
In recognition of this issue, the authors organized an international working group, which met face-to-face, by conference call, and via email over the course of a year. The objectives of this international working group perspective are to describe limitations of the current diagnostic approach to fibrotic ILD and to propose an ontological framework for standardizing the diagnostic classification of patients with fibrotic ILD. It is anticipated that this framework will help standardize fibrotic ILD classification and that future research will provide objective data to further refine this approach.
Diagnostic Limitations in IPF
A diagnostic pathway for IPF was most recently defined in 2011 by an evidence-based international guideline committee (2) that provided a clear description of how to incorporate clinical, radiological, and (when available) pathological data within a multidisciplinary discussion. Patients with no identifiable alternative etiology for fibrotic ILD who had usual interstitial pneumonia (UIP) pattern on high-resolution computed tomography (HRCT) or who had specified combinations of HRCT pattern and surgical lung biopsy pattern were considered to have IPF. In a minority of cases, the guidelines are unable to categorically assign a diagnosis (e.g., a possible UIP HRCT and a possible UIP surgical biopsy), and the ultimate diagnosis is left to the discretion of a multidisciplinary discussion. There is ongoing debate and uncertainty regarding how best to categorize these patients.
Strict adherence to IPF guideline criteria likely improves reproducibility across centers by providing a clear definition of IPF (2); however, there are still important areas of variability. For example, interobserver agreement for radiological and histopathological UIP pattern is only moderate, even among experienced observers (4). In addition, there is no objective guidance on how to incorporate clinical features (e.g., age, disease behavior) that may impact diagnostic confidence (1, 8, 9) . Finally, there is frequent reluctance to perform surgical lung biopsy in patients with clinically unclassifiable ILD due to safety concerns. The challenges and limitations of strict adherence to guideline criteria have led some clinicians to diagnose IPF on the basis of clinical judgment (i.e., a strong belief that the patient has IPF on the basis of multidisciplinary review); however, this approach has not been compared with the stricter guideline-based approach, and it may be less accurate in less-experienced centers (10) .
Diagnostic Limitations in Chronic Hypersensitivity Pneumonitis
The term chronic hypersensitivity pneumonitis (HP) is commonly used to describe a form of ILD that shares many characteristics with other fibrotic ILDs (1). Radiological findings have been described as highly suggestive or even diagnostic in the right clinical scenario, but there remains no consensus on diagnostic criteria (11) (12) (13) (14) . Histopathological findings from surgical lung biopsy in HP can be definitive, but they often share significant overlap with IPF, idiopathic nonspecific interstitial pneumonia (NSIP), and connective tissue disease-associated ILD (CTD-ILD) (15) (16) (17) (18) (19) (20) . Previous studies have suggested a role for serum precipitins and bronchoalveolar lavage cellular differential; however, their positive predictive value remains controversial (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Despite the multiple suggestive features, the absence of consensus guidelines for the diagnosis of chronic HP has resulted in substantial variability and lack of reproducibility in the assignment of an HP diagnosis (5, 18, 34) .
Diagnostic Limitations in Idiopathic NSIP
The pathological pattern of NSIP is characterized by varying amounts of interstitial inflammation and fibrosis with a uniform appearance and distribution (1, 35) . Typical features of NSIP on HRCT include bilateral lower lung-predominant reticulation, ground glass, and traction bronchiectasis in a peripheral distribution and often with subpleural sparing (1, 35) . Idiopathic NSIP is currently considered a distinct clinical entity among the idiopathic interstitial pneumonias (1, 35) , although many other diagnoses can have an NSIP pattern on surgical lung biopsy (e.g., connective tissue disease, drug toxicity, chronic HP, IPF) (35) .
Previous consensus statements from the American Thoracic Society and European Respiratory Society suggest that a multidisciplinary discussion including surgical lung biopsy should be the primary method for establishing a diagnosis of idiopathic NSIP (1, 3) ; however, there are important limitations to this approach. Many centers reserve a label of idiopathic NSIP for patients with a confirmatory surgical lung biopsy, as previously suggested by these consensus statements (1, 3) , citing an inability to confidently exclude alternative diagnoses without histopathological sampling. Other centers have diagnosed idiopathic NSIP on the basis of compatible clinical and imaging features without a surgical lung biopsy, although this approach is not consistent with previous consensus statements (1, 3) . Many centers find the prevalence of biopsy-proven idiopathic NSIP to be decreasing, with increasing evidence that many patients historically diagnosed with idiopathic NSIP have evidence of an underlying autoimmune disease that can be identified with a comprehensive and systematic evaluation (36) . It is unclear whether these patients should instead be considered to have a subtle form of CTD-ILD (37), although previous consensus statements currently classify such patients as having idiopathic NSIP if they do not meet established criteria for a defined CTD (1, 3) . It can also be challenging to distinguish idiopathic NSIP from chronic HP and IPF, as all of these conditions can present with a radiological or pathological pattern suggestive of NSIP (38) (39) (40) . These issues are reflected in the poor interobserver agreement for the diagnosis of idiopathic NSIP, a limitation that exists even among experienced multidisciplinary teams (5).
Diagnostic Limitations in Unclassifiable ILD
The inability to achieve a multidisciplinary diagnosis occurs in approximately 10 to 25% of all patients with ILD (41-48), with a higher prevalence suggested in an elderly population (49) . These patients are categorized as "unclassifiable ILD" (1, 3) ; however, this population includes a diverse collection of patients with no standard definition. Definitions used in previous studies include the absence of a clear diagnosis on the basis of available data and the absence of a clear diagnosis after a complete evaluation with a surgical lung biopsy. There are limitations to each approach. The first definition is strongly influenced by the thoroughness of the diagnostic evaluation, raising concern that the introduction of the term "unclassifiable ILD" into the medical parlance could be used to justify an incomplete evaluation in some patients (43) . The second definition is likely more reproducible and rigorous but excludes patients who are unable or unwilling to undergo surgical lung biopsy, leaving these patients in yet another category of diagnostic uncertainty. The high prevalence and heterogeneity of unclassifiable ILD highlight the need for a broader consensus on how to diagnose fibrotic ILDs and how to recognize and classify the heterogeneous collection of patients with undiagnosable disease who have variable clinical courses and prognoses (41, 42) .
Proposed Ontological Framework for Classification of Fibrotic ILD
The above discussions demonstrate the need for clarity and consensus around the definitions of and diagnostic criteria for the common forms of fibrotic ILD. This is the task of clinical researchers and experts going forward and is beyond the scope of this article. A second, more immediate need, however, is a consistently applied ontological (i.e., formalized naming and relational) framework for the diagnosis of fibrotic ILDs. This second need was the focus of our working group.
Key considerations for a fibrotic ILD ontological framework include whether to adhere to strict guideline criteria when available, whether and how to indicate the level of diagnostic confidence, whether to report a differential diagnosis, how to approach the definition and terminology of unclassifiable ILD, and whether a single strategy can and should be applied in both clinical and research settings. There are several desirable features of this framework. First, it should use concise, accurate, and unambiguous terminology. Second, it should accommodate all forms of fibrotic ILD and different types of diagnostic criteria (e.g., criteria based vs. consensus based). Third, it should be agnostic to changes in existing diagnostic criteria or the creation of new diagnostic criteria. Finally, it should balance diagnostic certainty with clinical practicality, a balance that may differ in clinical vs. research settings.
We propose the following ontological framework for the classification of fibrotic ILD (Figure 1) . Patients who meet guideline criteria for a specific ILD or who have a 90% or greater likelihood of a diagnosis on the basis of clinical judgment would be provided a confident diagnosis. Patients with a confident diagnosis would not need any preceding descriptor such as "definite," "confident," or "confirmed" and would just be called by the diagnostic name (e.g., "idiopathic pulmonary fibrosis," "hypersensitivity pneumonitis"). Such descriptors were believed to be redundant and potentially create confusion. Patients who do not have a confident diagnosis but who have a leading diagnosis that is considered by the clinician more likely than not (i.e., .50% and ,90% likely) on the basis of clinical judgment would be called "provisional" diagnoses. The working group preferred this term to other options (e.g., "probable," "possible," "suspected") as it highlights the diagnostic uncertainty that exists and the need to reassess the diagnosis over time. It also avoids terms that have been used in describing radiological and histopathological patterns. Provisional diagnoses could be further subcategorized as "high confidence" (if diagnostic likelihood was believed to be 70-89%) or "low confidence" (if diagnostic likelihood was believed to be 51-69%). Patients without a leading diagnosis that is considered more likely than not should be categorized as "unclassifiable ILD," recognizing that this is a diverse collection of patients and not a specific entity. Providing a differential diagnosis for patients without a confident diagnosis (i.e., patients with a provisional diagnosis or who are unclassifiable) was endorsed, as it was believed to aid management decisions and prognostication.
We believe that "unclassifiable ILD" should remain the primary label for patients who cannot be given a precise diagnosis (i.e., those without a confident or "provisional" diagnosis). There was general support for subcategorization of unclassifiable ILD, in particular by the presence or absence of adequate histopathological sampling (50) . "Unclassifiable ILD with adequate biopsy" and "unclassifiable ILD without adequate biopsy" were identified as the most simple and objective terms for these subgroups; however, there was no clear consensus on this terminology or what is considered an adequate biopsy. Further research is specifically needed on the role of transbronchial lung cryobiopsy in patients with fibrotic ILD (51) (52) (53) (54) . Additional subcategorization approaches were discussed (e.g., stratification by whether IPF is considered a possible diagnosis [41] , whether patients possess specific morphological features [41, 42] , on the basis of anticipated disease behavior and response to therapy [1, 42] ). It was recognized that these and other approaches may apply differently in clinical versus research settings and that additional studies on unclassifiable ILD subgroups are needed to inform an evidence-based approach to addressing the heterogeneity of this population. A more precise quantification of diagnostic likelihood for the primary diagnosis was not included in this ontology; we believe that this would require greater precision than can be achieved. The proposed four-tiered ontology with confident, provisional (high and low confidence), and unclassifiable ILD seemed the most appropriate and balanced from a clinical perspective, and similar approaches have been successfully adopted in other diseases (55) . Future studies are needed to determine the reproducibility of these categories across multidisciplinary groups, identify specific reasons for variability, and evaluate strategies to improve reproducibility. The working group also highlighted the distinction between this framework and the concept of a working diagnosis that could be used to guide management in all patients with ILD, including those with unclassifiable ILD (56) .
Conclusions
The absence of a standardized ontological framework for fibrotic ILD has contributed to diagnostic heterogeneity that has significant consequences for clinical care and research. In this perspective, we have proposed a standardized ontological framework for the classification of fibrotic ILD that incorporates strict adherence to guidelines and clinical judgment and uses a disease-agnostic approach to documenting diagnostic certainty that can be applied to all fibrotic ILDs and in a variety of clinical and research settings. This perspective is not intended to replace existing or future diagnostic criteria but rather to provide an ontological framework into which these criteria can be incorporated. We further recognize that this framework is predominantly opinion based and that research is needed to refine this approach. We hope that this document will help standardize fibrotic ILD classification and terminology, leading to the generation of more reliable and generalizable evidence and facilitating future diagnostic guideline development. n Author disclosures are available with the text of this article at www.atsjournals.org.
